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PotentiometryAbstract A new PVC membrane based strontium(II) ion-selective electrode has been constructed
using acetophenone semicarbazone as a neutral carrier. The sensor exhibits a Nerstian response for
strontium(II) ion over a wide concentration range 1.0 · 102–1.0 · 107 M with the slope of
29.4 mV/per decade. The limit of detection was 2.7 · 108 M. It was relatively fast response time
(<10 s for concentration P1.0 · 103 and <15 s for concentration of P1.0 · 106 M) and can
be used for 8 months without any considerable divergence in potentials. The proposed sensor
revealed relatively good selectivity and high sensitivity for strontium(II) over a mono, di, trivalent
cation and can be used in a pH range of 2.5–10.5. It was also successfully used as an indicator elec-
trode in potentiometer titration and in the analysis of concentration in various real samples.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
Strontium is an important alkaline earth metal which ﬁnds
application in the production of glasses for colour television
sets, paints, plastics, bricks, tiles and ferrite magnets (Bureauof Mines, 1986), in reﬁning of zinc and added to tin and lead
alloys for increasing hardness and durability (Browning,
1969). It is widely distributed in the environment, soils,
plants and human tissues. Various instrumental methods for
its detection are used such as atomic absorption
spectrometry (Shamsipur et al., 2001), ﬂame photometry
(Bondareva and Zolotoritskaya, 1991), ICP-AES (Tarun and
Sarin, 2002), etc. These methods are providing an accurate
determination, but they are not very appropriate for large
scale monitoring due to high cost and requirement of sample
pretreatment. In such a situation, a potentiometric
determination by ion-selective electrodes (ISEs) is desirable.
It provides an easy, convenient and low cost procedure of
analysis in short time. The analysis by ISEs can be
nondestructive, requires low sample volumes and generally
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colored samples. Over the past few years, several Sr2+-
selective electrode based on the use of neutral carrier have
been introduced (Qian et al., 1998; Gupta et al., 1999, 2005;
Shamsipur et al., 1999; Mashhadizadeh and Talemi, 2011;
Panwar et al., 2001; Ganjali et al., 2003; Singh et al., 2006;
Zanjanchi et al., 2007; Karimi et al., 2011). All the reported
electrodes generally have relatively acceptable performance
for monitoring strontium but they suffer from some
limitations. Singh et al. (2006) reported several Sr2+-selective
electrodes which have improved the performance of the
sensor by structure modiﬁcation of the ionophore. These
electrodes have not been found very successful as they
exhibit a signiﬁcant interference to other alkaline earth
metals, high response time, and function over a limited pH
range (Nesrine et al., 2011).
In the present study, Acetophenone semicarbazone was
incorporated as the ionophore. It shows better potentiometric
response as compared to the previously reported (Singh et al.,
2006) strontium ion selective electrodes based on different
ionophores.2. Experimental
2.1. Chemicals and reagents
High molecular weights PVC, tetrahydrofuran (THF), Aceto-
phenone, semicarbazide hydrochloride, were procured from
Aldrich.Plasticizers viz. . . Tris(2-ethylehexyl) phosphate
(TEP), dioctylphthalate (DOP), n-benzyl acetate (NBA), Tri
n-butylphthalate (TNBP), Nitrobenzene (NB), Dibutylphtha-
late (DBP) and sodium tetraphenyl borate (NaTPB) are
obtained from ﬂuka. Metal nitrates and chloride salts and all
other analytical grade solvent were used as received. In addi-
tion, all standard solutions and buffers were prepared by the
standard method.
2.2. Physical measurement
The C, H and N were analyzed on a carlo-Erba 1106 elemental
analysis. Electron impact mass spectra were recorded on
JEOL, JMS, DX-303 mass spectrophotometer, 1H NMR spec-
tra were recorded by Hitachi FT-NMR, (Model R-600 spec-
trophotometer using) CDCl3 as solvent. Chemical shift are
given in ppm relative to tetra methylsilane. IR spectra (CsI)
were recorded on a Bruker FT-IR spectrophotometer (Model
No. TEN 50R-27 spectrophotometer).
2.3. Synthesis of ionophore
Acetophenone semicarbazone was synthesized by taking the
aqueous solution of (20 mL) semicarbazide hydrochloride
(1.12 g 0.01 mmol) and sodium acetate (0.82 g 0.01 mmol).
The mixture was kept on a ice bath and then ethanolic solution
(20 mL) of acetophenone (1.12 mL 0.01 mmol) was added
dropwise .The mixture was stirred vigorously for around an
Hr. On keeping the mixture for 12 hrs at 0 C a yellowish
colored precipitate was obtained. The precipitate was then
ﬁltered, washed several times with water, and then recrystal-
lized from methanol. Yield: 88%. (Fig. 1)2.4. Characterization of ionophore
M.P:165 C,Analytical calcd for (%)=C9H11N3O:C, 61.02;H,
6.21; N, 23.72; Found: (%): 61.36; H, 6.25; N, 23.86; Mass.(m/
z):176(M) FT-IR(KBr): t(NH2) 3479 (b),t(NH) 3148 (b),
t(C=N) 1584, t(C=O) 1742; 1HNMR (CDCl3 300 MHz): d
ppm=3.36(2H,s,–NH2); 6.48–7.79(Ar–H); 2.43–2.5 (3H, CH3).
2.5. Potential measurements
Potentiometric study of the electrode was carried out by the
following cell assembly:
Hg–Hg2Cl2 KCl (saturated) | internal solution 1.0 · 102 M
KI | PVC membrane | test solution | Hg2Cl2–Hg, KCl
(saturated).
Potential differences between the ion-selective electrodes
and the double junction calomel electrodes were measured
with Systronics type 335 digital pH, mV meter at room
temperature.
3. Results and discussion
3.1. Response of the cations
The response of different metal ions was plotted as the negative
log of concentration and the potential values obtained for dif-
ferent metal ions. The plot in Fig. 2 indicates that the best
response was obtained for the Sr2+ ion, whereas poor response
was obtained for transition metal cations. The calibration curve
slope was found to be 29.4 mV decade1 in the linear range of
1 · 102–1 · 107 M strontium ion concentration with the
detection limit of 2.7 · 108 M. Further result of changes in
the membrane composition on the electrode response was stud-
ied. It is well known (Chandra et al., 2010) that sensitivity and
selectivity obtained for a given ionophore, is signiﬁcantly
affected by the membrane composition of an ion sensor
membrane. The different membrane ingredients, such as
PVC: DOP: Ionophore: NaTPB as 30:63:2.7:4.3, amount of
ionophore and nature of the plasticizer and additives
inﬂuence the potentiometric response behaviour of the sensor
(Bakker et al., 1997; Masuda et al., 1998). Best optimized
membrane for Sr2+ selective electrode studies was reported in
Table 1. The results given in Table 1 show that the electrode
no.3 worked well in Plasticizer/PVC, this ensures enough
mobility of the membrane constituents. The amount and the
nature of the plasticizer inﬂuence the sensitivity of the
electrode by inﬂuencing the dielectric constant of the
membrane phase and thus the mobility of the ionophore in
the matrix (Yang et al., 1997). The best sensitivity and
selectivity was recorded for DOP as plasticizer. Further the
amount of ionophore affected the Nernstian slope value. It
has been observed that on increasing the concentration of the
ionophore more than 2.7% (w/w), the slope deteriorated and
a narrow linear concentration range was achieved (Table 1).
Hence, a very small amount of ionophore is required for the
study. The presence of lipophilic anion excluder in cation
sensor based on neutral carrier not only reduces the ohmic
resistance but also enhances the response behaviour and
selectivity (Bakker et al., 1997; Masuda et al., 1998; Yang
et al., 1997; Rosatzin et al., 1998). It also assists in the
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Figure 1 Synthesis of ionophore.
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Figure 2 Potential response of various ion selective electrodes based on Acetophenone semicarbazone.
Table 1 Composition of PVC membrane and performance characteristics of Sr2+-selective sensors based on them.
Sensor no. Component of membranes (w/w) Working concentration range (M) Slope (±mv/decade)
ASC PVC NaTBP Plasticizer
1 3.5 33 4.5 – 1.0 · 107–1.0 · 101 35.5
2 4.4 30 4.6 DBP, 61 1.0 · 106–1.0 · 102 34.0
3 2.7 30 4.3 DOP, 63 1.0 · 107–1.0 · 102 29.4
4 4.2 32 4.8 NBA, 59 1.0 · 105–1.0 · 103 33.8
5 4.5 25 4.5 TEP, 66 1.0 · 106–1.0 · 101 24.0
6 5.0 28 5.0 NB, 62 1.0 · 104–1.0 · 102 21.0
7 3.3 28 4.7 TNBP, 64 1.0 · 107–1.0 · 103 25.0
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study (Bakker et al., 1999; Eugster et al., 1991). According to
the results in Table 1, most optimum plasticizer used was
DOP and the ionic additive NaTPB and the optimum ratio
for further studies was PVC: DOP: Ionophore: NaTPB as
30:63:2.7:4.3. (Fig. 3)
3.2. pH effect
The potential was studied by the use of 1 · 103 M concentra-
tion of Sr2+ ion solution in the pH range of 0.5–12. To adjust
pH very small volumes of the dilute H2SO4 or NaOHwere used.
It was found that the electrode works best within the pH range
2.5–10.5, giving approximately constant reading. This can be
taken as the working pH range of the electrode. The results
are shown inFig. 4.At lower pHvalue (2.5) a deviation in poten-tial was observed, this is due to the response of the membrane to
hydronium ions. At higher pH value (10.5) there is a sharp
decrease in potential due to the hydrolysis of the Sr2+ ions.
3.3. Response and lifetime
Response time is critically reviewed when it comes to analytical
applications of the sensor (Macca, 2004). It is governed by the
transport diffusion processes in the aqueous diffusion layer.
The response time of the electrode was measured when the
potential reached 90% of the steady potential as the
concentration of Sr(NO3)2 solution was rapidly increased
ten-folds from 1 · 107 to 1 · 102 M. The static response
time thus obtained was 10–15 s over the entire concentration
range and a stable potential was recorded for 5 minutes,
only after which a little divergence was noted. The sensing
Figure 3 Calibration of electrode for determination of concen-
tration of sample river Yamuna.
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Figure 4 Effect of pH variation on the Sr2+ selective electrode.
Figure 5 Potentiometric titration plot of 1.0 · 10–2 M Sr2+
solution (10 ml) with EDTA (2.0 · 103 M).
Table 3 Selectivity coefﬁcient values observed for the Sr2+-
selective sensor (no. 3) for various interfering ions (B) using
ﬁxed interference method.
S. no. Interfering ion (B) Selectivity coeﬃcients
1 K+ 2.01 · 102
2 NH4
+ 4.03 · 102
3 Ca2+ 1.03 · 103
4 Cd2+ 6.44 · 102
5 Cu2+ 4.03 · 102
6 Ni2+ 8.11 · 102
7 Zn2+ 5.12 · 103
8 Co2+ 2.01 · 102
9 Mn2+ 3.11 · 103
10 Ni2+ 3.01 · 103
11 Fe3+ 2.11 · 103
12 Ag+ 2.51 · 103
13 Hg2+ 2.51 · 103
14 Ca2+ 1.06 · 102
15 Sr2+ 3.01 · 102
16 Cr3+ 1.01 · 102
17 Mg2+ 2.01 · 104
18 F N/D
19 Cl N/D
20 CO3
2 N/D
21 Al3+ 6.01 · 102
N/D = not detected.
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potentials were recorded either from low to high or high to
low concentrations.
The stability of the electrode was studied by periodically
recalibrating in standard solutions and calculating the
response slope. The slope was found to be reproducible over
a period of 8 months in the range ±0.6 mV decade1 without
any considerable divergence as shown in Table 2. After the
time decline in the response slope was detected as well as the
response time of the sensor was increased.Table 2 Lifetime of the Sr2+ selective electrode.
Time (months) Slope (mV decade1) Response time (s)
1 29.4 10
2 29.4 10
3 29.4 12
4 29.0 12
6 29.0 15
7 28.9 15
8 28.8 15
9 24.1 >20
Table 4 Analysis of Sr2+ ions of river water of Yamuna by
proposed electrode and AAS.
Sample from river
Yamuna
Sr2+ sensor
(found) (mg/l)
By AAS
method (mg/l)
Ground water 0.0001 0.0001
Ramghat 0.0011 0.0015
Suryaghat (soorghat) 0.0030 0.0028
Laxmi Nagar 0.0031 0.0032
Okhla 0.0025 0.0028
Table 5 Comparison with other reported electrodes.
No Working concentration range/M Slope pH range Response time/s Life time/month Detection limit Ref.
1 1.4 · 106–0.1 mol L1 28.6 4.0–10.0 12 100 day Singh et al. (2001)
2 1.0 · 106–1.0 · 102 29.4 2.8–10.4 10 10 weeks 4.8 · 107 Ali Zamani (2008)
3 1.0 · 101–3.2 · 105 – – 10 – 8.0 · 106 Shamsipur et al. (1999)
4 3.2 · 105–1.0 · 101 30.0 3.0–10.0 10 4 Jain et al. (2004)
5 8.0 · 107–1.0 · 101 29.1 3.0–10 11 – 7.5 · 108 Zanjanchi et al. (2009)
6 3.98 · 106–1.0 · 101 29.0 2.5–10.5 10 3 2.82 · 106 Singh et al. (2006)
7 1 · 107–1 · 102 27.4 – 20–25 6 – Mohammad et al. (2009)
8 1.0 · 102–1.0 · 107 29.4 2.5–10.5 10 8 2.7 · 108 This work
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The most important characteristic of any ion-selective sensor is
its response to the primary ion in the presence of other ions of
the solution; it is expressed as the selectivity coefﬁcient (KpotA;B).
The selectivity coefﬁcient was determined by the ﬁxed interfer-
ence method (Bakker et al., 2000; Viteri and Diamond, 1994)
and is reported in Table 3. A value of the selectivity coefﬁcient
equal to 1.0 indicates the same response to both the primary
and interfering ion, whereas a value smaller than 1.0 reﬂects
selectivity for the primary ion. It is seen from Table 3 that
selectivity coefﬁcient values are much smaller than 1.0. Thus,
the electrode under consideration is sufﬁciently selective
towards Sr2+ over alkali, alkaline earth metals and several
common transition metal ions (Angel et al., 2010). The most
important factor governing the selectivity characteristics of
any ligand is the extent of preorganization and arrangement
of the polar binding groups or atoms into a rigid
conformation of optimum dimensions for the target ions
(Junxiang et al., 2010). It is obvious that the present
ionophore interacts strongly with Sr2+ ion and can be used
successfully as sensing agent for a strontium sensor.
Furthermore this sensor represents an improvement on
already reported sensors based on 4-tert-butylcalix(8)arene,
which showed a signiﬁcant interference to Na+ and Pb2+
ions, whereas the sensor under consideration shows an
appreciable selectivity to Sr2+ over Na+ and Pb2+ ions. In
the view of a good selectivity of the sensor, it can be used
for Sr2+ determination in the presence of many foreign ions
by direct potentiometry.
4. Analytical applications
4.1. Potentiometric titration
The sensor has been used as an indicator electrode for deter-
mining Sr2+ by potentiometric titration. For this purpose, a
10 ml solution of Sr2+ (1.0 · 102 M) was titrated against
EDTA solution (2.0 · 103 M) at pH 9.5 using ammonia buf-
fer, and the potentials obtained are plotted in Fig. 5. The titra-
tion plot is not conventional sigmoid-type because the sensor,
though selective towards Sr2+, is not speciﬁc to it and
responds to a small extent to other ions. Thus, the sensor is
responding mainly to the Sr2+concentration. The combined
potential response leads to the plot achieved with a sharp
break, which corresponds to a 1:1 stoichiometry of the Sr Sen-
sors EDTA complex. This type of behavior is characteristic for
many ISEs, which are not speciﬁc to the primary ion and havebeen used to determine the concentration of primary ions by
potentiometric titration (Jain et al., 1995, 1997, 2002). Thus,
the present sensor might be used as an indicator electrode
for determining Sr2+ by potentiometric titration.
4.2. Determination of Sr2+ in water sample
The proposed Sr2+ ion-selective electrode was found to work
well under the laboratory conditions. It was successfully
applied to the determination of Sr2+ in the water samples
which were collected from the various sites of river Yamuna
in Delhi (India) region. The analysis of river water samples
does not require pre-treatment except pH adjustment. The
pH for all samples was adjusted to 6.5. The results observed
for analysis were also compared with atomic absorption spec-
trometry (AAS) analyzer. It is clear from the values which are
given in Table 4 that these were in a good agreement with the
results obtained by AAS. Hence, the proposed electrode can be
successfully employed for the estimation of Sr(II) in waste
water samples.
5. Comparison with other reported electrodes
In Table 5, the response characteristics and the selectivity coef-
ﬁcients of the membrane electrode based on acetophenone
semicarbazone of some potential interfering ions are compared
with the corresponding values reported previously (Singh et al.,
2001) for strontium ion-selective membrane electrodes based
on a variety of different ionophores. As can be seen, the
linear range and the response time of the proposed electrode
are superior to those reported (Ali Zamani, 2008) for other
strontium ion-selective electrodes, and its selectivity behavior
is among the most selective Sr2+ ion sensor reported.
(Shamsipur et al., 1999; Jain et al., 2004; Zanjanchi et al.,
2009; Singh et al., 2006; Harry et al., 2006; Mohammad
et al., 2009) At the same time, easy synthesis of a highly
lipophilic macrocyclic and open chain ionophore in bulk,
using easily and economically available starting materials,
makes the proposed ISE a better membrane electrode.6. Conclusions
The results obtained from the above mentioned study revealed
that a potentiometric PVC-based membrane electrode based
on Acetophenon esemicorbazone function as an excellent
Sr2+-selective electrode. It can be used for the determination
of this ion in the presence of various interfering ions. Applica-
560 S. Chandra et al.ble pH range, lower detection limit, and potentiometric selec-
tivity coefﬁcients of the proposed electrode make it a superior
device as compared to other methods used for the determina-
tions of strontium ion.
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